This research examines the effects of mothers' welfare and work decisions on their children's attainments using a random effect instrumental variables (REIV) estimator. The estimator employs sibling comparisons in a random effect framework and an instrumental variables approach to address the unobserved heterogeneity that may influence mothers' work and welfare decisions. The identification comes from the variation in mothers' different economic incentives that arises from the AFDC benefit structures across U.S. states. We focus on children who were born to single mothers with twelve or fewer years of schooling. The shortrun child attainments under consideration are the Peabody Individual Achievement Test math and reading recognition scores from the Children of the National Longitudinal Survey of Youth 1979 cohort. Long-run attainments are a child's number of years of schooling by age 25 and his or her early adulthood labor income, drawn from the Panel Study of Income Dynamics. The REIV estimates imply that, relative to no welfare participation, participating in welfare for one to three years provides up to a 5 percentage point gain in a child's Picture Individual Achievement Test (PIAT) scores. The negative effect of childhood welfare participation on adult earnings found by others is not significant if one accounts for mothers' work decisions. At the estimated values of the model parameters, a mother's number of years of work contributes between $3,000 and $7,000 1996 dollars to her child's labor income, but has no significant effect on the child's PIAT test scores. Finally, children's number of years of schooling are relatively unresponsive to mothers' work and welfare participation choices. JEL Classification: I3, J13, J22 * WISE Xiamen University
Introduction
Poor families, many of them headed by single mothers, can choose to participate in various government welfare programs designed to improve the well-being of the family members. Before 1996, Aid to Families with Dependent Children (AFDC) was one of the largest among all such transfer programs. 1 In addition to offering cash benefits, participating in the AFDC program often assures a person's eligibility for other welfare programs such as the Food Stamps program and Medicaid. 2 Hence, participation in AFDC can be used as a rough measure of receiving welfare support from the government for single mothers to raising their offspring on their own.
Besides the importance of the AFDC program to needy families, we have only limited information on the causal relationship between a mother's welfare participation decisions and her child's attainments. Several important questions warrant investigation. First, previous studies find that AFDC participation exhibits a negative statistical relationship with all sorts of children's outcomes in the data. This relationship seems counterintuitive, since the provision of both cash and in-kind benefits from government programs presumably should have helped participating families to better educate their offspring.
Second, the AFDC program creates a strong work disincentive for participating mothers. Since the monetary AFDC benefit is a decreasing function of the amount of labor income a participating mother has earned, AFDC creates an implicit tax on participant's labor income. Furthermore, when losing the eligibility of other linked welfare programs is considered, the implicit tax rate of AFDC at the margin is well above 100% (Keane and Moffitt, 1996) . As a result, welfare participants are often also associated with unemployment, or with working only enough to fulfil the minimum requirement.
1 The effect of a mother's work on her child's attainment has long been recognized by researchers.
For example, role-model theory suggests that mother's work has a positive effect on child's attainment, since by working, a mother can present a good example for her children to follow. If this is the case, the strong work disincentive of the AFDC program creates an additional difficulty in evaluating the causal relationship between a welfare program and children's attainments, since we would not know if the low achievement of welfare participants exhibited in the data is due to participation in the welfare program, or simply because of their mothers' lack of work. Furthermore, studies on the effect of welfare participating mothers have found significant behavioral differences between short-and long-run welfare users. In addition to suggesting underlying heterogeneity in mothers' characteristics, it might also implies that welfare experience has a time-varying effect, i.e., the marginal effect of each additional year on welfare may depend on a participant's past welfare experience. This issue is closely related to the new, five-year limit on a mother's eligibility in the new TANF program. If such a nonlinear effect also exists in the case of determining a child's attainments, it is important to know whether the time limit is meaningful in terms of improvement in participating children's attainments.
To answer the above questions, this study investigates the effects of mothers' welfare and work decisions on children's attainments simultaneously. One important econometric issue is that, with the existence of unobserved characteristics, OLS estimator is inconsistent. For example, certain issues faced by a single mother (for example, parental depression due to poverty, stress from work, and marital status); though they are unobserved by econometricians, surely affect a mother's work and welfare participation decisions, as well as her children's attainments. Also, each child may have specific needs that could affect the mother's decisions during his or her childhood. Let us say a child was born less healthy than his siblings. In this case, his mother may need to take more time off from work, or may need to apply for AFDC for Medicaid coverage. 3 The child may also have a lower attainment because of this situation. If we do not take into account for these unobserved factors that simultaneously affect mothers' decisions and children's attainments, our estimates of the effects of work and welfare are very likely to be biased.
In this study, we use a random effect instrumental variables (REIV) estimator to address the issue of unobserved characteristics. The rationale of this estimator is as follows: First, sibling comparisons under a random effect framework can be used to control for heterogeneity in the unobserved characteristics that are faced by siblings in a family. Then, we use an instrumental variables (IV) approach to control for remaining, more child-specific unobserved characteristics that may influence mothers' work and welfare decisions. As the REIV estimator uses more information that can be obtained from the sample to control for the effects of unobserved characteristics, it is better than using sibling comparisons or an IV approach separately, as is done by most previous studies.
An alternative way to implement sibling comparisons is by a fix effect (FE) procedure. An FE estimator is more general than an RE estimator, for it allows the unobserved characteristics to be correlated with the observed ones, while an RE estimator does not. However, the differencing procedure at work of an FE estimator has several disadvantages. First, important time-invariant characteristics of the mother (for example, an important measure of a mother's innate ability available in NLSY, her AFQT scores) will be differenced out. Second, as discussed by Currie and Thomas (1995) , the differencing procedure may discard many of the true signals, while remain the noise, and hence may bias the FE estimates toward zero. Furthermore, the FE estimator imposes stronger requirements on the sample, as the effective sample includes only those children that have at least one observed sibling. Due to these reasons, we use the RE estimator in this research.
After the procedure of sibling comparisons, the remain unobserved characteristics are controlled by a standard IV approach. Since the AFDC benefit level is determined exogenously by the state government (under the guidance of the federal government), the variation in the benefit structures across states are often used as instruments.
The instrumental variables used in this study include the state benefit rule parameters. By specifying and estimating benefit rules for each U.S. state in which the sample parents reside, we can identify the different economic incentives implied by the AFDC benefit rule. These incentives -including the contribution of an additional child to the AFDC benefit, the implicit tax rate on family financial resources (other than labor income), and the implicit tax rate on the mother's labor income, can help to separate the effects of mothers' work decisions from those of the welfare decisions. In particular, a mother's work decision can be identified by the variation in the implicit tax rate on labor income, since it directly changes her reservation wage.
3 These economic incentives provide me more exogenous variation than previous studies on this subject have used, as they often use only a subset of these parameters. For example, the statutory benefit level for a single mother with two children and no family income (the so called "guarantee" benefit level) is widely adopted as IV by previous studies. However, guarantee level does not include the work disincentive implied by the AFDC benefit structure.
To obtain a more homogenous sample of welfare participants and non-participants, the estimation is restricted to children who were born to single mothers with twelve or fewer years of schooling. A child's childhood is defined as his ages 1 to 5. The attainments we investigate include both short-and long-run outcomes of the child. The short-run child attainments under consideration are the Peabody Individual Achievement Test math and reading recognition scores for the Children of the National Longitudinal Survey of Youth 1979 cohort. The long-run attainments are a child's number of years of schooling by age 25 and his or her early adulthood labor income, drawn from the Panel Study of Income Dynamics. To investigate the possible time-varying effects of a mother's choices, we assume that the dependence of her child's attainment on these choices follows a flexible functional form.
The REIV estimates imply that, relative to no welfare participation, participating in welfare for one to three years provides up to a five percentage point gain in the child's PIAT test scores.
The estimated positive effect of welfare on test scores disappears with four or more years of participation. The negative effect of childhood welfare participation on adult earnings found by others is not significant when one accounts for mothers' work decisions. Hence, the message on welfare participation is mixed. On the one hand, participating in the welfare program for a short period of time -for example, no more than three years -does help to improve a child's short-run test scores. On the other hand, it does not seem to improve children's long-run attainments.
As for the effect of a mother's work decision, at the estimated values of the model parameters, a mother's work experience contributes between $3,000 and $7,000 1996 dollars to her child's labor income, but has no significant effect on the child's PIAT test scores. Empirical results indicate that work has no effect on short-run test scores. However, in the long run, empirical suggests that the role-model effect of mother's work determines a child's attainments. Finally, a child's number of years of schooling is relatively unresponsive to his or her mother's work and welfare participation choices.
4
The structure of the paper is as follows. In the next section, we provide a review of previous studies of the effects of welfare on children's attainments. In Section 3, we provide an econometric model of children's attainments, then propose a REIV estimator in Section 4. Section 5 describes the sample we are choosing. Section 6 shows the REIV estimation results, and Section 7 tests their robustness. Section 8 offers conclusions to the research.
Background
Most studies that relate to welfare and children's attainments focus on the determinants of children's attainments (see reviews by Haveman and Wolfe, 1995) , or on the consequences of growing up in poor families (see the collection of recent studies by Duncan and Brooks-Gunn, 1997) .
In both types of literature, the researches use samples of all children they can obtain in data surveys. For example, Corcoran et al. (1992) use all male children from the PSID survey. Using OLS estimators and almost all the information they can obtain from PSID, they find that men who are black and from low-income or more welfare-dependent families have a significant negative lower early adulthood labor income. Given the big differences between AFDC participants and non-participants' family structures and financial status, it is not surprising that researchers generally have found significantly negative relationships between welfare recipiency and children's attainments of all sorts.
Many studies, such as Currie (1998) , Duncan et al. (2004) , and Dahl and Lochner (2005) , have pointed out, the negative relationships do not necessarily indicate a causal connection. Since childhood poverty is often linked with parents' stress, nutrition insufficiency, and several mental and physical health issues, these negative coefficients on welfare recipiency may capture only the disadvantages of growing up in poor families. Hence when it comes to evaluating the effect of welfare programs, it is necessary to restrict the sample to include only children who are eligible to participate in the welfare program.
However, we have little information on the causal relationship between the welfare program and a child's attainment (also see above references). Hill and O'Neill (1994) and Currie (1995) who investigate the effect of AFDC on a child's short-run test scores, Currie and Thomas (1995) and Garces et al. (2002) who investigate the effect of Head Start, are among the few studies that use nationally representative samples. 4
Among them, Hill and O'Neill (1994) and Currie (1995) adopt the instrumental variables approach to control for the effects of an individual's unobserved characteristics. Currie (1995) uses the variation in the "guarantee" benefit, i.e., the AFDC monetary benefit for a single mother with two kids and no income, to identify the effects of mother's welfare decisions, while the identification of Hill and O'Neill (1995) mainly comes from the nonlinear functional form (probabilities of work and welfare) of their instrumental variables. After applying the IV approach, both studies found that the mother's welfare experience has no effect on her child's short-run test scores. Furthermore, Hill and O'Neill find that work has a significant negative effect on test scores.
On the other hand, Currie and Thomas (1995) and Garces et al. (2002) use sibling comparisons to investigate the effect of Head Start. By assuming members in a family face the same unobserved characteristics, they use sibling comparisons under a fixed effect framework to identify the causal effect of a mother's decisions. Currie and Thomas (1995) find that Head Start has different effects (from insignificant to positive) on test scores based on a child's ethnic background, and Garces et al. (2002) find that it has a positive effect on a child's long-run outcome measures, such as crime rate.
However, Dahl and Lochner (2005) point out that neither the IV approach nor sibling comparisons can fully control the effects of unobserved characteristics, since these characteristics are very likely to be both individual-and family-related. As a result, they suggest a fixed effect instrumental variables (FEIV) estimator, which combines sibling comparisons (under fixed-effect setup) and instrumental variables approaches. Using FEIV estimates, they find that work has no significant effect on a child's short-run test scores, but they do not include welfare in their investigation. Gottschalk et al. (1994) and Corcoran (1995) both point out that short-and long-run welfare mothers are different in many aspects, such as criminal behavior and inter-generational poverty correlation. Aside from the possible unobserved heterogeneity that may result in their differences, 4 Experiment-based data, if available, can also be used to evaluate welfare program. See Duncan et al., 2004 for further discussion. In principle, random assignment enables us to derive the causal effect of welfare programs by simply comparing treatment and control groups. Studies using randomly assigned samples generally find positive effects of the welfare program. However, Currie (1998) has pointed out, if members of the control group do not accept their "fate" (and hence behave differently), the estimation may be biased upwards. Also, due to the limited scale of these experiments, there is also questions on generalization of the results. 6 another explanation is that welfare has time-varying effects on participant outcomes, i.e., the marginal effect of an additional year on welfare also depends on previous welfare experiences.
If such time-varying effects exist, it is possible to have an average zero (or insignificant) overall effect, even though the effects of different years may be significant. In this case, the linear term of accumulating welfare experience adopted in the above studies does not fully explore the available information on the effects of welfare participation.
Based on the above discussion, the main concerns in the empirical investigation include: (i), mothers' decisions may have time-varying effects on children's attainments; (ii), using either instrumental variables or sibling comparisons may not fully control the unobserved characteristics; and (iii), as the AFDC benefit rule induces a strong work disincentive, we need to consider mothers' welfare and work decisions simultaneously. We will address these issues in the following sections.
First, we propose an economic model that motivates my empirical specification of children's attainments in Section 3. In Section 4, we propose a random effect instrumental variables (REIV) approach to solving the unobserved heterogeneity problem.
Economic model
In this section, we use a Becker-Tomes (1976) model following the framework in Peters (1992) to describe the formation of a child's attainment. In the model, the attainment of a child i of mother j, A ij , is determined by the available financial resources during the child's childhood (Y ij ), the child's endowment (E ij ), and a family environment variable (C ij ). A child's childhood is defined as from his ages 1 to 5 (before the child attends school).
A child's attainment formation can be expressed as:
where ǫ i in the equation captures unobserved characteristics of each child, as each child may have specific needs that could affect the mother's decisions during his or her childhoods. For example, let us say a child was born less healthy than his siblings. In this case, his mother may need to take more time off from work, or may need to apply for AFDC for Medicaid coverage. 5 The child may 5 Before the expansion of Medicaid in 1986, applying for AFDC was the main way for poor families to have their 7 also have a lower attainment because of this situation.
The family environment in which the child is raised C ij can be associated with a mother's decisions during her child's childhood. Since this study focuses on the effects of mothers' work and welfare decisions, we write C ij as:
where W ij = 5 t=1 ω ij t is mother j's cumulative welfare experiences during her child i's childhood, and ω ij t is j's welfare participation decision at her child i's age t. ω ij t = 1 if she decides to participate in welfare. H ij = 5 t=1 h ij t , is mother j's cumulative work experiences during her child i's childhood. We assume a mother chooses only to work or not to work, and h ij t is defined accordingly. 6 Finally, X ij is a child's time-invariant observed characteristics. Table 1 includes a complete list of these variables. Also note that a mother's decisions can have time-varying effects on her child's attainments. More specifically, a child's attainment is a quadratic function of her mother's work and welfare decisions. 7 Under this setting, the total (and marginal) effect of a mother's each decision on her child's attainment is a linear combination of the parameters as well as her previous experience of the decision. A quadratic functional form is more flexible than a linear one, but it is more restrictive than a nonlinear functional form, using, for example, different dummy variables representing five different possible years of being on welfare during childhood.
The available financial resources are determined by taking the average of all the financial resources available during a single mother's child's childhood (from t = 1, ..., 5), including other income (Y O ij ), the mother's labor earnings (Y L ij ), and welfare benefit (B ij ). This can be written as:
where a mother's earnings will be determined by her work decisions (h ij,t ) in each period, the amount of time she decides to spend working, and the wage rate she is offered. To simplify the children covered by a health insurance program. 6 In the empirical research, we've also estimated the specification in which mothers can choose to work part-or full-time, or not to work at all. The results are similar to the results of the reported specifications.
7 A standard second-order Taylor Expansion on two variables should have included an interaction term between the two variables. In our case, the interaction implies that the effects of the welfare program also depend on the work decision. That is, two children with, among other things in common, the same number of years on welfare during their childhoods, would have different attainment levels, had their mothers worked different number of years during their childhoods. However, estimations including the work-welfare interaction term fail to pass F tests. matter, we assume Y L ij and B ij are exogenous to the model. 8 By including labor earnings in the model, the effect from work decisions, which will be discussed momentarily, captures mainly two opposite effects, namely, time and role-model effects. The first presumably hinders a child's development because work reduces the time a mother can spend with her child. The second improves a child's attainment because mother's work presumably provides her child a good example to follow.
Assuming a child's endowments (E ij ) are inherited from parents following a Markov process, we have
where E j is a mother's endowment level, γ measures the inheritability of cognitive ability, and u i is a random i.i.d. noise.
Furthermore, a mother's endowment E j can be obtained by relating to her ability formation
ǫ j can be thought of as the mother's unobserved characteristics that are not captured by the observed variables. Certain issues faced by a single mother (for example, parental depression due to poverty, stress from work, and marital status); though they are unobserved by econometricians, surely affect a mother's work and welfare participation decisions, as well as her children's attainments.
Combining (1), (2), (3), (4), and (5), we have child's i's attainment formation as:
.
In this section, we show that OLS estimator of equation (6) are inconsistent, and suggest using a random effect instrumental variables (REIV) estimator instead. The estimator first employs sibling comparisons in a random effect framework to control for heterogeneity in unobserved family char-
acteristics. An instrumental variables approach is then used to address unobserved heterogeneity in a child's characteristics that may influence his or her mother's work and welfare decisions. By specifying and estimating an AFDC benefit determination rule for each U.S. state in which sample parents reside, we take into account the variation in mothers' economic incentives that arises from differences in states' benefit structures. This variation, together with sibling comparisons, provides identification for the REIV approach.
Random Effect Instrumental Variables Model
Define a mother's decisions, (W ij , W 2 ij , H ij , H 2 ij ) ≡ d ij , and the effects from decision variables, (β 1 , β 2 , β 3 , β 4 ) ≡ β. Let X i be the rest of the child's observed variables. The basic econometric model is:
where
Using nationally representative data set such as the NLSY or PSID surveys, previous studies have generally estimated different versions of equation (7) by OLS models (see reviews by Haveman and Wolfe (1995), Duncan and Brooks-Gunn (1997) , and Duncan and Ludwig, 2004) . The primary concern is that OLS models do not consistently estimate β. The argument can be stated as follows.
With the existence of both a mother's and her child's own unobserved characteristics, we have:
which will not be zero if either ǫ j or ǫ i is correlated with the mother's decisions d ij . The discussion of these two terms in Section 3 gives several examples of why this might be the case. As a result, OLS estimators based upon (7) are generally inconsistent.
Furthermore, since mothers with a higher innate ability (a high ǫ j ), or with children in better condition (higher ǫ i ), may also tend to work more and be on welfare less during their children's childhoods, it is very likely that Cov(ǫ ij , H ij ) > 0 and Cov(ǫ ij , W ij ) < 0. As a result, we can infer that OLS estimatorβ is upward-biased for the effects of a mother's work decision, and downwardbiased for those of a mother's welfare participation decisions.
Setting aside ǫ i for the moment, several methods can be used to control family effect ǫ j . Fixedand random-effect estimators are among the most widely adopted. An FE estimator is more general than an RE estimator, for it allows ǫ j to be correlated with X i , while an RE estimator does not.
However, the differencing procedure at work of an FE estimator has several disadvantages. First, important time-invariant characteristics of the mother (for example, the measure of a mother's innate ability, her AFQT scores) will be differenced out. Second, as discussed in Currie and Thomas (1995) , the differencing procedure may discard many of the true signals, while remain the noise, and hence may bias the FE estimates toward zero. Furthermore, the FE estimator imposes stronger requirements on the sample, as the effective sample includes only those mothers with more than one child. 9 Due to these reasons, we use the RE estimator in this research.
On the other hand, the correlation between d ij and ǫ i can be controlled by a standard IV approach as long as we can find a set of instrumental variables that are correlated with a mother's decisions, d ij , yet are uncorrelated with ǫ i .
Constructing Instrumental Variables for Mothers' Decisions
This section introduces my method of constructing instrumental variables for d ij . The sources of identification are discussed in the next section.
Let C represent a single mother's two-dimensional choice concerning work and AFDC participation. we assume the mother has four alternatives, with domain ({work or not}× {participating in welfare or not}). This two-dimensional choice problem can be estimated by a multinomial logit model as follows: The estimated marginal probabilities of work and AFDC participation in the child's age t are given by:
Then, the sums of a mother's estimated probabilities of work and AFDC participation during her child's childhood from ages 1 to 5, Pr(ω t )} 2 , are used as instrumental variables for the real observations in the second stage REIV estimator of the child's attainment production function (equation (7)) .
Identification
The identification of the effects of mothers' decisions comes from the exogenous variation in mothers' economic incentives implied by the state benefit structures. These incentives, including the contribution to the AFDC benefit of an additional child, the effective tax rate on family financial resources (other than labor income), and the effective tax rate on mother's labor income is important in isolating the effect of mothers' work decisions, since it directly changes her reservation wage. We will discuss this strategy in further detail below.
Since AFDC is a state-administered program, participants' statutory benefits are exogenously determined by state governments (under the guidance of the federal government). These benefits do affect mothers' likelihoods of participating in welfare or work, and it is reasonable to assume they are uncorrelated with children's attainments. As a result, the statutory AFDC benefit levels are widely adopted to provide identification of participants' decisions (see a survey of instruments used in these studies by Moffitt, 2000) .
However, the structure in determining a participant's AFDC monetary benefit level (the socalled benefit rule) is a complicated nonlinear function depending on at least family structure, size, income, and parents' work decisions. There is a wide range of candidates to choose from. For example, many previous studies choose guaranteed statutory benefits for a single mother who has two eligible children with no income, to serve for the identification purpose.
As the AFDC benefit determination structure implies different economic incentives for mothers' behaviors, it is natural to use parameters of the benefit rule, rather than particular levels of benefit, to provide identification. In this research, we assume the state annual benefit rule follows:
where B is is the monetary level of benefit of individual i who lives in state s. N denotes the number of children in the family. Y O refers to a family's unearned income (not including AFDC and Food Stamps benefits, or labor income of a single mother). Y L is a single mother's labor income. The sample includes only those mothers who have welfare receipts information (hence all of them have positive number of children).
These parameters capture different economic incentives implied by the AFDC benefit structures.
In particular, b 1s and b 2s account for the marginal contribution of an additional child to the AFDC benefit. Since b 2s represents the fact that the contribution of an additional child to the AFDC benefit is decreasing in total number of children, b 2s < 0. b 3s and b 4s represent the effective tax on unearned and earned income, respectively. They are hence both negative as well. b 0s is included to capture the states' time-invariant generosities in their benefit structures.
The benefit parameters estimation for each U.S. state is done by pooling all welfare receipt information of single mothers in the PSID survey from 1968 to 1990, with state dummy variables D k to denote the state where sample single parents reside in. Let k = 1, denoting the state of California, as the base state. The benefit rule for state s is:
The estimated parameter vectors, {b 1s , ...b 4s } K s=2 , where K is the total number of states for which we can estimate the benefit rules, will be used as instrumental variables in estimating the probabilities of mothers' decisions.
A detailed description of the estimation of state benefit rules appears in Appendix A.1. There are some points to make here. First, using state benefit rule parameters is more general than using the guarantee levels, since different guarantee levels are just linear combinations of b 0s to b 2s .
Furthermore, using the four parameter variables separately as instrumental variables captures the different economic incentives implied by the AFDC rule, and these incentives will help us identify mothers' different decisions. On the contrary, the guarantee level does not take into account the effect of the relative wage change due to the implicit tax on labor income b 4k , which is apparently more relevant in identifying a mother's work decision.
Second, recent studies reveal growing concern about the existence of unobserved state factors that may simultaneously affect mothers' decisions and children's attainments. For example, a state with a more generous benefit rule is also more likely to have a better system of assisting poor families in raising their children. If this is the case, the parameters from estimating state benefit rules by the information of only that state (as do Keane and Wolpin, 2002) , will be likely to suffer from the unobserved state characteristics problem. In the estimation, we assume the states' time-invariant generosities can be captured by the constant term. Thus excluding the constant terms as instrumental variables can partly solve this problem. 10 Third, by including welfare receipts information of more than 30 years, we are using the longrun variations in the benefit rules among states to identify the effects. As real welfare benefit has continued to decrease since the 1960's (for example, mean guarantees has decreased for about 31% from 1972 to 1996. See footnote A-1 in Appendix A.1), while real family income has nearly doubled during roughly the same period, we may overestimate the effective taxes on incomes for the sample periods. However, as the main source of identification comes from variation across states, they can be used to identify mother's decisions as long as the estimated tax parameters do not change the distribution of benefit parameters across states. 11 10 The unobserved state characteristics are also likely to affect the slope terms. However, it is difficult to isolate them if we are going to assume that the states' slopes are not all the same.
11 To test the sensitivity of my results, we also use the annual benefit rule parameters estimated by Fraker et al. (1985) and McKinnish et al. (1999) To evaluate the effects of the welfare program, we focus on children whose mothers have at most twelve years of schooling, and have been single for at least one year during their children's childhoods. 12 The reason for avoiding use of all single mothers who are financially eligible for welfare is that financial eligibility is, to some extent, the result of a mother's decisions. Focusing on the children of this group therefore creates a more serious sample selection problem.
Since most children start their schooling at age six, we define a child's childhood as his or her period of ages one to five. We separate a child's attainments into short-and long-run outcomes.
The short-run attainment is the math and reading recognition percentile scores of the Picture In the sample, we convert all annual monetary variables into real 1996 dollar amounts using the Personal Consumption Expenditure Deflator (PCED). Below is a brief summary of my empirical strategy for constructing both NLSY and PSID mother-child pair samples.
Short-Run Attainments: the NLSY Sample
In the NLSY 79 Children survey, a mother's profile from one year before giving birth to one year before her child starts school (age 5) is readily constructed. Each child's profile includes his mother's time-invariant characteristics, as well as her quarterly work history and detailed information on her various sources of income. A family's monthly AFDC receipts can be found in a mother's main NLSY 79 profile.
The short-run attainment we adopt focuses primarily on a child's math and reading abilities, discussion. 12 An alternative way to construct the sample is to require mothers to have always been single during this period. The estimation results are similar, but this requirement significantly reduces the sample size (by about 60%) and the significance of the estimation. measured by his or her assessment scores on PIAT. Since 1986, PIAT has been assessed biannually and given repeatedly to children starting at the age of 5. We use a child's first observed test scores as his short-run attainments. 13 For the NLSY79 Children, PIAT assessments include each child's ability in math (PIAT math), in reading (PIAT reading recognition), and deriving meaning from printed words (PIAT reading comprehension). Each assessment begins with five age appropriate simple questions (also know as basal), and progresses to more advanced concepts.
For each assessment of PIAT, NLSY reports three different scores, including raw and percentile scores, and each child's standardized scores. 14 Standardized scores are widely known for their increasing cohort effect, i.e., mean standardized scores are increasing over cohorts. For example, the sample of disadvantaged children used in this research has a mean reading score of 102, which is higher than the mean score of the 1968 national sample. As a result, we use the percentile score because first, it has a mechanical connection with standardized score, and second, it is easier to interpret. 15
Among the three assessments, PIAT reading comprehension has a slightly lower number of children with valid scores than the others, due to, among other things, the technical difficulties in recording and correcting responses from children who took the test (see p. 110, User Guide). To increase the sample size, we focus only on PIAT math and reading tests. Finally, we combined PIAT math and reading percentile scores by taking a simple average of the two. 16
The NLSY mother-child pair sample is constructed on the basis of the following criteria: (i), the child's mother must have been single at least at some point during the child's ages one to five;
(ii), the mother must have, at most, twelve years of schooling; and (iii), the child must have valid PIAT math and reading scores. In the NLSY sample, there are 10,636 person-quarters of mothers' histories and the attainments of, according to different specifications, 655 to 859 children born to 13 Since 1994, only children under the age of 14 have been given the test. The latest cohort available for this research is the year 2000 cohort, but all the sample children had their first tests taken before 2000. Furthermore, the included NLSY child sample has a majority of the children (80%) taking these tests between the years 1990 and 1998.
14 The last score is derived from the percentile score, based on the national norming sample in 1968, with mean 100 and a standard deviation of 15. See NLSY 79 Children and Young Adults User's Guide 2000 (User Guide).
15 An alternative measurement is the Revised Peabody Picture Vocabulary Test (PPVT-R), which measures the hearing ability of standard American English. Children older than 3 years old are given this test. Studies (for example, Hill and O'Neill, 1994) find that a mother's work is detrimental to her child's PPVT-R percentile scores. 16 we have also estimated the two scores separately. The results are similar, but not significant at the 10% significant level. 16 450 to 600 mothers, respectively. Among these children, about 36% have lived for all of their first five years in single-parent families. 17
Long-Run Attainments: The PSID sample
The long-run attainments are a child's educational and labor market attainments, derived from the annual PSID survey. Since from 1968, PSID has kept track of individuals related to members of about 7,000 1968 core families (by, for example, marriage, blood or adoption). Because PSID has changed to a biannual survey and reduced its sample size significantly since 1997, we use only the information from 1968 to 1996.
A child's educational attainment is defined by the number of years of education that the individual has received by the age of 25. The labor market attainment is defined by averaging the individual's labor income from ages 25 to, at most, age 35. It is estimated by:
where Y L i is the labor income for an individual i, Y L it is the observed total labor income (converted to 1996 dollar amounts by PCED deflator) of an individual i in year t, and T i is the total number of years we observed for an individual i. 18 Since labor income typically increases with work experiences, children who were born to older cohorts may have larger estimates. As a result, we also include T i as an explanatory variable in children's attainment estimation.
Due to the time limitations of the data, we are using the labor income from an individual's early adulthood as an estimate of his or her labor income. Finally, since some children became non-respondents in later surveys, only those children who have education observations or positive labor incomes can be used in the children's attainment regressions.
Attrition problem may be an important concern for the PSID sample, since (i) PSID has lost more than 50 percent of its initial 1968 members by the mid 1990's, and (ii) if the attrition is systematic, it might bias the estimation results. To this end, Fitzgerald et al (1998) find that, although attrition is concentrated among individuals who have lower socioeconomic status, lower earnings, unstable marriages, and migration histories, the selection (into attrition) is largely based on transitory components, and tend to fade away over time. They suggest that "despite the large amount of attrition, we find no strong evidence that attrition has seriously distorted the representativeness of the PSID."
In the estimation, we include 1996 sampling weights to control for the possible bias that could spring from attrition. 19 In the PSID sample, we first identify single mothers using the following criteria: (i), to increase the sample size of mothers, we include mothers who have had a child of between the ages of one and five between 1968 and 1978, 20 and (ii), these mothers must have been single at some point during this period, and moreover, must always have been the head of the family during their children's ages one to seven. This is to avoid the issue of single mothers living with supportive family members. Finally, (iii), mothers must have been schooled for twelve years or less. 19 For NLSY, attrition is not a serious problem. As in each round, the survey retention rate is about 99%. Also, the survey conductors re-contact all initial respondents in each round, regardless of how long they had not been responding since the last interview. Once individuals re-enter the survey, events histories since the last interview are reconstructed (Pierret, 2005) . 20 This last year (1978) is set to ensure that a child who was seven years old in 1978 was at least 25 years old in 1996.
Sample Description
These estimates are obtained by computing the average of a child's observed (real) labor incomes during his early adulthood years (from ages 25 to, at most, 35). In the sample, the mean number of observed adulthood years is 3.7 years. 21 The average number of years of schooling the children have received by age 25 is 11.2 years. At PSID population level, this number is 11.3 years.
Comparing the PSID and NLSY samples, the most significant difference lies in their different patterns of work and welfare participation during childhood. Mothers from the PSID sample have worked less than NLSY mothers have. Including both part-and full-time jobs, PSID mothers have worked about 60% of the time during their children's childhoods, but NLSY mothers have worked 90% of the time. This might be because (i), the expansion of the EITC program in 1990s creates a strong working incentive, especially for those who were not working before the program's growth;
and (ii), most of the NLSY mothers were raising their children in the 1990s, when welfare reform in many states already put a strong emphasis on encouraging participating mothers to work. Furthermore, PSID sample mothers have participated far less in welfare (about 18% of the time during their children's childhoods) than have mothers of the NLSY sample (at 50% of the time). The different patterns can also been seen from the ratio of mothers who have never been on welfare during this period of time. The percentages for PSID sample mothers are 59% for labor income and 46% for schooling. As for the NLSY sample, it is only 30%. Also, among the welfare participants, the NLSY sample has 48% who have spent their entire childhoods (from birth to five years old) on welfare. The ratios for PSID samples are 23% and 26% for labor income and schooling, respectively.
As for other family characteristics, PSID children tend to have more siblings than their NLSY counterparts. Since PSID sample cohorts (from 1964 to 1972) were born much earlier than NLSY cohorts (between 1985 to 1995), the difference reflects the fact that the average number of children per family is decreasing over time in the U.S. population as a whole. There are also fewer Caucasians in the PSID samples than there are in the NLSY samples.
The Effects of A Mother's Decisions on Her Child's Attainments 6.1 OLS and Fixed Effect Estimates
We begin the empirical analysis by presenting OLS and fixed-effect estimates of mothers' decisions. These two approaches have been widely used in previous studies concerning determinants of children's attainments.
In the first panel of Table 2 , We replicate results obtained from previous studies (for example, early adulthood labor income investigated by Corcoran et al., 1992) that use OLS estimators. The samples contain children from broader backgrounds, i.e., without adding single mother and education cap requirements. All of the estimates discussed below are significant at the 1% confidence level.
Using a dummy variable of childhood welfare recipiency to capture the level effect, OLS estimations show that participating in welfare is associated with a loss of 5 percentage points on a child's PIAT test scores. Welfare is also associated with a $4,281 1996-dollar loss in early adulthood labor income, and with 4.2 fewer months of schooling by age 25. The negative associations become smaller (yet remain significant at a 1% confidence level) after using the work dummy to control for the mother's work decision. This is especially true for the welfare effect on a child's labor income, which is reduced by more than $1,200 dollars than OLS results without including work. For years of schooling, the negative association is reduced by about a month. As for short-run PIAT test scores, the negative relationship does not change (We will discuss this point in further detail later).
What's more, a mother's work has a significantly positive relationship with her child's attainments.
The next panel restricts the estimation sample to those children who were born to single mothers with twelve years or less schooling. This refinement eliminates two-parents and also most of the financially stable single mofthers who are not eligible for welfare. As the control group includes only those who are eligible for welfare but do not participate, this strategy uses a comparison group of single mothers that are more similar to those who are on welfare. However, this group of sample still has the issue of the unobserved characteristics that may result in the bias of OLS estimator.
Overall, refined samples already greatly reduce the negative associations we see in the OLS regressions with general samples. For the welfare dummy regressions, the negative associations are further reduced, and become insignificant for PIAT test scores. Further controlling the mother's work decision, the negative effect on number of years of schooling also becomes insignificant. As for a child's early adulthood labor income, although the effect is much smaller in magnitude, the negative relationship still persists.
It turns out that the estimated coefficients from a mother's fixed-effect model are generally insignificant. Among them, PIAT test scores do not even pass F-test of overall significance. For the other two attainments, R 2 are much smaller than OLS models. Since the observed number of siblings from samples is only 1.7 per family, the reason might be because the differencing procedure of fixed-effect estimators leaves out important information contained in the time invariant variables of children (and mothers), and leaves too much noise (as is discussed in Section 4).
Baseline REIV Estimates
Since a mother decides whether to work or to participate in the welfare program simultaneously, we estimate the joint probabilities of mothers' work and welfare participation decisions during their children's ages one to five, using the long-run state AFDC benefit rule parameters as instrumental variables. Then the cumulative estimated probabilities of work and welfare are used as IVs in children's attainments formation functions.
The REIV estimation results are listed in Table 3 . A first glance shows that only the estimated coefficients of the welfare effects of years of schooling and the work effects on labor income are significant. However, we should recall that in a quadratic function, the total (and marginal) effects of welfare are combinations of both the parameters of the attainment function as well as the mother's cumulative years of decision experience. To this end, we draw the observed and predicted total effects (using the estimated parameters) of a mother's work decisions in Figure 1 . We also include the 10% confidence intervals (represented by the dotted line) of the predicted outcomes.
The Effects of A Mother's Work Decisions
We begin the analysis of REIV estimates by first investigating the effects of a mothers' work decisions on her child's attainments. In general, the effects of work are convex-shaped. This means that a mother's work is beneficial to her child's attainments before certain thresholds. After those points, work begins to cause detrimental effects. In particular, this convexity of work effects is significant in determining a child's early adulthood labor income. The first year of a mother's work during her child's childhood is expected to "produce" a $3,000 dollars gain in the child's labor income. When she increases her number of years of work, her child's future labor income increases until the mother has worked for four years, with the labor income gain reaching about $7,000 dollars. After four years, the marginal effect of work turns negative, but the total gain remains positive even in the case of a mother who has worked throughout her child's childhood (seven years, in this case). As for the effects of work on a child's number of years of schooling, Figure 1(b) suggests that the attainment is rather unresponsive to the variation the mother's decisions. The effects vary only from 2 to 4 months, and are not very significant.
Finally, the work effects on a child's PIAT test percentile scores are fairly insignificant. Actually, some specifications we've estimated do not even pass the 10% significance level using F-test for overall significance. The insignificant work effects on short-run attainments are also found by many other studies. For example, Dahl and Lochner (2005) find that a mother's labor force participation is not a statistically significant factor in determining a child's PIAT math and reading scores (although they focus on the general sample from NLSY 79 Children). Hill and O'Neill (1994) , using a child's percentile PPVT-R score, also find similar results after they control for the mother's likelihood of working by using a two-limit Tobit model. These findings suggest that a mother's work decision during her child's childhood does not significantly affect the child's short-run test scores. Several things are important to note here. First, the REIV estimates of the effects of welfare on a child's early adulthood labor income are not only insignificant (at the 5% confidence level, while the figure shows a 10% level), but also much smaller in magnitude compared to the significantly negative and sizable OLS estimates -even a child who has spent all his childhood loses less than $3,000 dollars in his early adulthood labor income (and not significant at the 10% confidence level), as opposed to the average significant $2,400 dollars loss obtained by the OLS estimator. This suggests that the negative association between welfare participation and a participating child's labor income no longer exists, after a REIV estimator is used.
The Effects of A Mother's Welfare Participation Decisions
For a child's number of years of schooling, welfare has a significant (but not sizable) negative effect on a child's number of years of schooling. Even the lowest estimated negative welfare effect is only at about .4 year (less than 4 months). In fact, the observed outcomes also do not show significant nor sizable negative effects. One reason to explain the rather insensitive response might be the lack of variation in the legal drop-out ages across U.S. states. The last column of Table A-2 lists these ages (in 2004) for 36 states for which we are able to estimate the state benefit rules. The average legal drop-out age was 16.4 in 2004, meaning the minimum number of years of schooling for children residing in these states should be around 11.4. This age does not vary a lot across states. Most of the states (24 out of 36) set the legal drop-out age at 16 years old, and 9 states use the age of 17. Only California, Pennsylvania, and Tennessee set the number at 18. The importance of the legal drop-out age is that it restricts students from dropping out before this age.
Finally, although not significant, the effects of welfare experience on a child's PIAT test scores are positive for the first three years on welfare. In fact, when a mother's work decisions are not included, the effects of welfare program on her child's PIAT test scores are not only much higher (the light-colored line), but also significantly positive at the 10% confidence level (shown in the first column of Table 5 ). As a mother's work decisions do not influence her child's PIAT test scores, the discussion below of the welfare effects on short-run outcomes uses the estimates obtained from the specification that includes only mothers' welfare decisions.
When only mothers' welfare participation decisions are considered, REIV estimates suggest that children who have participated in welfare for three years or less show a persistent average gain of five percentage points on PIAT test scores relative to those who have not. The peak occurs between two and three years experience in the welfare program, and after four years on welfare, the effects seem to have disappeared (as they are not significantly different from zero). These results are not surprising. First, the shape of the observed welfare effects in Figure 2(c) suggests that a quadratic form in welfare experiences is a good approximation to PIAT test scores. Furthermore, despite the lower mean test scores at the two ends, three or four years of cumulative welfare experiences do correlate with positive de-characterized mean scores. Hence after using a REIV estimator, not only do the total effects from participating in the welfare program become positive until a child has been on welfare for five years, but also the positive magnitudes of the effects are much larger than those obtained before controlling for unobserved heterogeneities.
Additional REIV Estimates
The baseline REIV estimators combine four distinctive features to identify the effect a mother's decisions on a child's attainment. First, to identify the causal effect of the welfare participation experience on a child's attainments, we have to consider his or her mother's labor force and welfare participation decisions simultaneously. This is because welfare participants are often associated with unemployment or work only enough to fulfill the minimum requirement, due to the strong work disincentive induced by the AFDC benefit structure. Second, to consider the time-varying effects of a mother's decisions on her child's attainments, we assume his attainment is a quadratic function in his mother's work and welfare experiences.
This functional form is more flexible than a linear one, which assumes that the marginal effects of an additional year of the mother's decisions are the same. In a quadratic function setup, the total (and marginal) effects depend not only on the parameters of the attainment formation function, but also the child's past experience.
Third, to control for both a mother's and her child's unobserved characteristics, we adopt a REIV estimator which uses not only sibling comparisons under a random effect framework, but also an instrumental variables approach. The rationale is, by sibling comparisons, we can control for the unobserved family's characteristics that are unchanged over siblings. On the other hand, an IV approach takes care of the (unobserved) factors that are more likely to be individual (child) specific.
Finally, in the IV approach, the identification of a mother's decisions comes from a set of mother's economic incentives implied by the AFDC benefit structure. It contains much richer information than previous studies have used. These variables include each U.S. state's effective tax rates on earned and unearned incomes and the marginal contribution of an additional child to the monetary AFDC benefit. These rules are estimated by using the states' long-run AFDC benefit receipts information from PSID.
This section examines the robustness of the baseline results: the positive welfare effect on a child's PIAT test scores and also the positive work effect on the early adulthood income, by examining the importance of each of the above characteristics of the REIV estimator.
Also, we will check the robustness by using a similarly defined instrumental variables of benefit rule parameters estimated by Fraker et al., (1985) and McKinnish et al., (1999) . Lastly, during an earlier presentation of this research, discussants are concerned that the positive effect of the welfare program might be from the Head Start program, which targets mainly children that are in between ages three to five. We also include the REIV estimates when Head Start is included as one of the independent variables.
Linear Specification
First, we investigate the effects of mothers' decisions using a linear specification. The linearity assumption implies that the marginal effect of participating an additional year in the welfare program is the same, regardless of previous experiences. It can also be viewed as the average treatment effect (ATE) defined by a random coefficient model. The first panel in Table 4 shows the linear REIV estimates. As we can see, under a constant marginal effect assumption, welfare effects are not significant for either PIAT test scores or early adulthood labor income. This result corresponds with those insignificant findings in the previous studies focused on children's short-run attainments. It also confirms the importance of the time-varying effects of mothers' decisions.
The Effects of Welfare Without Considering Mothers' Work Decisions
The REIV estimation results using the specification without including mothers' work decisions are listed in the second panel of Table 4 . The graph of the total effects calculated using the estimated parameters are drawn as the light-colored line in Figure 2 . As we can see, failing to include a mother's work decisions greatly increases the negativity of the welfare effects on her child's early adulthood labor income by almost $700 dollars per year. As for the effects on a child's years of schooling, they become even more unresponsive (almost a flat line) to a mother's welfare participation decision. As for the short-run PIAT test scores, including work decisions doesn't change the postive welfare effects. This practive shows the importance of taking into account a mother's work decision when evaluating the effects of welfare on the long-run attainments.
Next, using different subsets of the identifying strategies, Table 5 and Table 6 show the estimates for PIAT test scores and early adulthood labor income, given different experiences in mothers' decisions. 22 For the purpose of comparison, the first column of each table also shows REIV estimates.
Applying only the RE or IV Approach
The advantage of using a REIV approach is its ability to control both the mother's and the child's unobserved characteristics at the same time. The RE approach uses sibling comparisons to control for unobserved family characteristics, while the IV estimator controls for the child's own unobserved characteristics by using exogenous variation in the mother's economic incentives implied by the state benefit determination rules. It is of interest to investigate the possible effects when only one source of the variation is used to estimate children's attainments.
The second and third columns of the tables show the estimates obtained by using only the IV or the RE approach. The results suggest that using either RE or IV underestimate the benefits from mothers' decisions. For example, the maximum welfare gain using the RE is three percentage points lower for PIAT test scores. The estimates for work contribution also is decrease by $4,000 dollars using RE, and by about $1,000 dollars using IV. This results seem to suggest that a lower ǫ i or ǫ j discussed in Section 4 is associated with longer welfare participation, less work, and lower child's outcomes. 22 Other comparisons are available upon request.
Checking the Source of Identification
The main identification comes from the variation in the economic incentives implied by the state AFDC benefit rules. These incentives include the marginal contribution to the benefit of an additional child, and the tax rates on unearned and earned income. Of these, the last one directly changes mother's willingness to work through price effect. It is of interest to investigate the consequences of failing to include this variable.
Specification 4 shows the estimation results using the instrumental variables that exclude the tax incentives in mothers' multinomial logit estimations. As we can see, without tax incentives, welfare's effect on PIAT test scores remains fairly stable. However, the precision is reduced, since we are now using less exogenous variation in identifying the causal effects. As for the contribution of mother's work to the child's labor income, we see that, without tax incentives, not only does the magnitude of the contribution from work decrease (by more than $1,500 dollars), but also the significance lowers. This suggests that tax incentives provide the main identification for the effects of work. Fraker et al. (1985) and McKinnish et al. (1999) estimate the annual effective guarantees and tax rates on earned and unearned incomes for the periods of 1967-1982 and 1983-1991, respectively. Their regression model can be expressed as:
Using Different Excluded Variables
where K 2i and K 3i are dummy variables indicating a mother has two and three children, respectively.
Their setup is similar to the one we adopt (which basically follows Keane and Wolpin (2002) ), except that we (and Keane and Wolpin) assume that: (i), the marginal contribution to the benefit of an additional child follows a quadratic form, and (ii), we estimate the long-run AFDC benefit rules for each state, while they estimate the annual rules.
Both studies use the AFDC Quality Control data from the U.S. Department of Human and Health Services. Since the data set provides a much more specific and detailed information than annual PSID survey does, their estimates are arguably closer to the true (effective) benefit de-termination rules. Also for most years, they have enough observations to estimate annual benefit rule for each U.S. state. As a result, besides the long-run variation across the U.S. states, their estimates also include more, short-run variations within each state across years. However, as argued and supported through empirical data by Keane and Wolpin (2002) , under the assumption of a forward looking behavior, short-run changes in the benefit rules are generally ignored by single mothers when they are making relevant decisions. This implies that annual benefit rule parameters may contain too much noise, and thus blur the significance of the economic incentives in identifying mothers' decisions.
To see the effect of this, we use the annual estimates of effective guarantees and tax rates by (Table 5) , estimation using a different set of instrumental variables further improves the estimated gain in the percentile test scores by roughly one percentage point.
The maximum estimated gain (now at around 6.5 as opposed to 5.4) still occurs when a child is on welfare for around two or three years in childhood. However, including more variation (by including the variation within each U.S. state) slightly reduced the overall R 2 of the regression for about 4% (from 19 to 14%). This is also an evidence that the annual benefit rules contain more noise than the long-run ones.
As for the effects of work on a child's early adulthood labor income, specification 6 in Table   6 shows using the annual rule parameters as instrumental variables also returns similar results.
The difference in the estimates between using the two sets of instrumental variables are not large.
The new estimates for the positive effect of work to a child's labor income are slightly lower: the maximum gain is about $200 dollars less.
Including the Head Start Program
The Head Start program provides children's developmental services in order to meet participating children's educational, health, nutritional, and psychological needs. Since most of the participating children are around 3 to 5 years old, which overlap the time period covered by this research, it is natural to ask whether including data on Head Start participation will affect the estimation results.
Children living under the federal poverty line, or in a family that receives AFDC (after 1996, TANF) are eligible for Head Start. However unlike AFDC, Head Start is not an entitlement due to its limited budget. 23 In 1994-1995, only 38% of all eligible children between 3 to 5 years old were served. As to who is more likely to be enrolled in Head Start, Hofferth (1994) indicates that among eligibles, children in two-parent families are more likely to participate in the program. Also, mother's work status does not appear to be correlated with Head Start enrollment.
Including whether a child has ever been in Head Start as one of the independent variables, specification 6 of Table 5 shows that, although still significant, the gain from participating welfare decreases by about 3 percentage points. As for a child's early adulthood labor income, specification 6 of Table 6 shows that, once head start indicator is included, although the benefits reduce significantly, the positive trend of the effect of work remains unchanged.
Conclusion
Economically disadvantaged families, many of them headed by single mothers, can choose to participate in various government welfare programs that were designed to improve the well-being of the family members. However, we have limited information on the causal relationship between a single mother's joint work and welfare participation decisions and her children's short-and long-run attainments.
This research estimates the causal effects of mothers' welfare and work decisions on child attainments using a random effect instrumental variables (REIV) estimator. The estimator first employs sibling comparisons in a random effect framework to control for heterogeneity in unobserved family
characteristics. An instrumental variables approach is then used to address unobserved heterogeneity in child characteristics that may influence mothers' work and welfare decisions. By specifying and estimating an AFDC benefit determination rule for each U.S. state in which sample parents reside, we include variation in mothers' economic incentives that arise from the state benefit structures. This variation provides identification for the REIV approach.
The estimation sample is restricted to children who were born to single mothers having twelve or fewer years of schooling. To avoid having to deal with mothers' participating in multiple welfare programs, we use participation in AFDC is used as a proxy for the overall government transfer support a single mother receives. Table A -2 shows the number of observations in each state involved in the estimation of the AFDC benefit rules).
In general, the fitness of the benefit formula is quite good. Both R 2 and adjusted R 2 (R 2 ) of the model are at 61% (see Table A -1) , and all of the coefficients are significant at a 1% confidence level. −3.09) ). Since this is not sizable, the overall increases in benefit are always positive before a mother has more than 23 kids. Furthermore, the effective tax rate on unearned income is about 8%. If she is working, the estimated effective tax rate on labor income is about 20%.
Since the guarantee benefit levels (i.e., the AFDC benefit for a single mother with two children 40 and no income) are most often used as instruments in the welfare research, we list both the statutory and estimated guarantee benefit levels in Table A -2. The statutory benefit is deflated by using the CPI-U-X1 index, while the predicted benefit is deflated to 1996 dollars by using PCED. The table ranks both the statutory and predicted AFDC benefit levels across the included states.
We see that the statutory guarantee benefit levels do vary widely across states. The lowest level appears in Mississippi, with an average 25-year benefit worth $1, 705 dollars. The most generous states are California and Connecticut, at about $9, 500 dollars each. A-1
My estimation generally fits the statutory guarantee level well. In my benefit estimation, the average estimated "guarantee" ($5, 175) over 25 years is not far from the average of the statutory benefits ($5, 768), and this difference may result from using different deflators. The distribution also fits the data fairly well, especially for those states with either the most observations or the largest amounts of benefit. All states are in their correct quartiles, except for Arkansas, which is
The estimation includes only the monetary benefits from AFDC. However, participating in AFDC is also linked with many cash or in-kind transfer programs, such as Food Stamps, Medicaid, and Housing Subsidy programs. As a result, these estimates can be viewed as the minimum benefit of participating in the AFDC program.
A-1 AFDC benefits also show a significant decreasing trend in the real data. On the Department of Health and Human Services web site, one can find the data on this AFDC guarantee benefits level for the years 1972, 1980, 1985, 1989, 1993, 1994, and 1996 . See http://aspe.hhs.gov/hsp/AFDC/baseline/5benefits.PDF. The average level of the statutory guarantee over the 35 states across these years is $5, 768 (in 1996 dollars), but the same guarantee over these 35 states in 1996 is only $4, 718; the average benefit declines by 31% in 25 years.
A-2 We also estimate the AFDC benefit formulae by using state-by-state estimation. State-by-state estimation cannot solve the problem of state generosity. The pooling estimation performs much better than the state-by-state estimation in terms of fitness. Another concern is that the single mother may want to "chase welfare" because of the different degrees of generosity of welfare benefits across states. Using the PSID sample, we calculate children's numbers of moves during ages 3 to 7. In my sample, only 8 percent of the children have ever moved, and almost all of these children moved only once. Exactly half of the children who have ever moved are from the group of children who have ever been on welfare.
A.2 Mothers' Working and Welfare Participation Decisions
Mothers' work and AFDC participation decisions are estimated jointly using a multinomial logit model. A-3 Since the NLSY survey provides quarterly information concerning mothers' working histories, while the PSID survey has only annual information, we separate the two samples and estimate the quarterly and annual mothers' decisions for the NLSY sample and the PSID sample, respectively. Here we report only the estimated Relative Risk Ratio (RRR) for the NLSY sample in Table A -3. A-4 The group of mothers not working and not on welfare is set as the base category.
If the RRR of an explanatory variable for a choice is statistically greater than one, the choice would have a higher chance of being selected than the (no welfare, not work) group, given an increase in that explanatory variable.
One of the necessary conditions of valid instruments is that they be correlated with the included explanatory variables. The set of instrumental variables and the state benefit rule parameters, all exhibit a significant correlation with the mother's decisions during her offspring's childhood. Hence, our set of variables passes the first requirement of instrumental variables. A-5
The state benefit rule parameters include those on the number of children, number of children squared, tax rate on family's pre-AFDC, food stamp, and pre-labor income, and tax rate on labor income. The first two parameters concerning how many children a single mother has, although significant, does not seem to have sizable effects on mothers' decisions concerning work and AFDC participation (RRR are all closed to unity). The tax rates on family's other income and labor income appear to have significant and very sizable effects on mothers' decisions. Since tax rate is negatively recorded in the data, the marginal effect actually indicates a mother's reaction due to a decrease in the tax rates. In the sample, when the tax rate on family income decreases, the mother is more likely to be on welfare (as seen by the significant and sizable RRR of both the (in welfare, not work) and the (in welfare, work) alternatives shows). Compared with the (no welfare, A-3 To use a multinomial logit model, we need to assume the scores of the likelihood function of each year are independent.
A-4 RRR is defined as: Pr(c = j|x = x + 1)/Pr(c = 0|x = x + 1) Pr(c = j|x)/Pr(c = 0|x) .
The estimation results are quite similar in both samples. PSID results are available upon request. A-5 The other condition is that the instruments should be uncorrelated with the residuals of the outcome variable. The instruments we adopt also satisfy this requirement. Estimation result available upon request. 42 not work) group, she is also more likely to be in the (no welfare, work) group.
In the case of the mother's demographics, when a mother's age increases, she becomes slightly (3%) more likely to be in the (work, no welfare) group compared to women in the base group.
Second, mothers of different races do not appear to make significantly different choices. When a mother's education level increases, she is 22% less likely to be on welfare and to work. However, there are no significant differences in the other two alternatives and the base group among women of the same education level.
When a mother has other income, we know she is more likely to be either working or on welfare, since the RRR of all three groups is significantly higher than that of the base group. Also, the location indicators (with the South being the base group) show that single mothers in different regions seem to make different choices. For example, single mothers living in the West and Midwest regions are 2.21 and 1.65 times more likely to be in the (welfare, not work) group, respectively, while the Northeastern single mothers seem 40% less likely to be working. The lagged welfare and work decisions, just as we expect, are also strong predictors of mothers' decisions.
The next set of explanatory variables includes a series of dummy Variables. These, in turn, include whether a mother has free care support (from either the government or relatives) and whether the mother needs child care (as defined by her answers to the child care arrangement questions). The RRR of these dummy variables indicates that when a mother has free care, she is much more likely to work in the first year. However, she becomes less likely to work in the second year. In the third year, free care does not affect the mother's decisions. Furthermore, if the mother needs child care (regardless of who the provider is) in the first year, she is much less likely to work.
However, after the first year, she tends to work more if she needs child care. 
